Root tip mitotic and tapetal polytene cells of Vigna unguiculata and Phaseolus coccineus were hybridized with a ribosomal DNA (rDNA) probe. While the number of rDNA sites were as expected for P. coccineus, it was surprisingly higher in V. unguiculata where ten rDNA sites were found in both tissues. A sequential banding technique on mitotic chromosomes of V. unguiculata was used to map the positions of the rDNA sites more accurately. In mitotic cells eight of the rDNA hybridization sites were similar in size while the remaining sites were smaller. In contrast, the hybridization sites were more variable in size in polytene cells with no more than six sites being relatively large. The differences in size of the hybridization sites between the two tissues suggest differential amplification of the rDNA sequences. In P. coccineus six hybridization sites were found in both tissue types. The relative sizes of the sites were similar in both tissue. The presence of speckled signal surrounding four of the six sites suggested that at least four of the rDNA sites were transcribed.
INTRODUCTION
The cowpea, Vigna unguiculata (L.) Walp., is an important pulse crop which constitutes a major source of protein for human food in some countries. Originally from the Old World it is now more widely cultivated. The genus is very closely related to Phaseolus, and only recently have their taxonomic boundaries been clarified (Freire-Filho, 1988) .
Cytogenetically V. unguiculata (2n l 2x l 22) is still poorly understood. Its mitotic chromosomes range in length from 1n6 to 3n7 µm (Frahm-Leliveld, 1965) . Reports of the number of satellited chromosomes in mitotic metaphases vary from zero to two pairs (Frahm-Leliveld, 1965 ; Mare! chal, 1969 Mare! chal, , 1970 Lavania and Lavania, 1982) . The number(s) or location(s) of rRNA cistrons have not been reported previously. Although polytene chromosomes in embryo suspensor cells are commonly found in Phaseolus species (Nagl, 1974) they have not been reported for Vigna.
While Phaseolus coccineus L., (2n l 2x l 22) is less important as a crop plant, cytologically it is one of the most intensively studied bean species, in part owing to the high level of polyteny in the chromosomes of embryo suspensor cells (Nagl, 1974) . Its mitotic chromosome complement was described by Mare! chal (1969 Mare! chal ( , 1970 ) and the C-band pattern and nucleolus organizing regions (NORs) were described by Mok and Mok (1976) , Schweizer (1976) and Schweizer and Ambros (1979) .
The number of satellited chromosomes reported for mitotic cells of P. coccineus range from zero to two pairs (Mare! chal, 1969 (Mare! chal, , 1970 . In polytene nuclei, Nagl (1965) observed two pairs, identified later as chromosomes I and V * For correspondence.
based on the nomenclature of Nagl (1967) . In situ hybridization analysis using $H-ribosomal RNA (rRNA) (Avanzi et al., 1972 ; Durante et al., 1977) detected a third cluster of rDNA cistrons on the non-satellited chromosome II.
Recently, Guerra and Carvalheira (1994) and Carvalheira and Guerra (1994) reported polytene chromosomes in anther tapetal cells of V. unguiculata and P. coccineus. Such chromosomes are less organised than those in Drosophila, and smaller than those in the embryo suspensor cells of Phaseolus. They do, however, comprise several sister chromatids held together in the proximal region of each chromosome, which makes them a suitable chromosomal system for localizing DNA sequences.
In this work, the number of rDNA sites in the mitotic and anther tapetal polytene chromosome complements of V. unguiculata and P. coccineus were investigated by in situ hybridization using a biotinylated rDNA probe. The banding pattern obtained following in situ hybridization of V. unguiculata chromosomes probed with rDNA was used to characterize the rDNA bearing chromosomes. 
MATERIAL AND METHODS

Plant material
Seeds of
Slide preparation
Mitotic analysis was carried out on root tips from seeds germinated at 28 mC on moist filter paper, pretreated in 0n002  8-hydroxyquinoline for 5 h at 18 mC, fixed in 3 : 1 ethanol : acetic acid overnight and stored at k20 mC until required. For the analysis of polytene nuclei, young flower buds were sliced longitudinally and then fixed and stored as described above.
Slides were prepared by digesting root tips or young anthers in 2 % cellulase and 10 % pectinase in citrate buffer at 37 mC for 30 min, followed by squashing in 45 % acetic acid. After coverslip removal, slides were stored dessicated at k20 mC for 1-4 weeks before processing.
In situ hybridization
The clone used, pTa71, contains a 9 kb EcoR1 fragment isolated from wheat (Triticum aesti um ; Gerlach and Bedbrook, 1979) , recloned into pUC19. This fragment contains the 18S, 5n8S, and 26S rRNA subunits and nontranscribed spacer sequences. Probe DNA was labelled with biotin-14-dUTP (Life Technologies) by nick translation according to the manufacturer's instructions.
The in situ hybridization procedure was as described by Parokonny et al. (1992) except that the hybridization mixture contained 2iSSC, 50 % formamide, 10 % dextran sulphate, 450 µg ml − " autoclaved salmon sperm DNA and 5 µg ml − " biotinylated pTa71.
Hybridized biotinylated DNA was detected with fluoresceinated avidin (Vector Laboratories), using one amplification with biotinylated anti-avidin D as described by Schwarzacher et al. (1989) . Total DNA was counterstained with either 1 µg ml − " propidium iodide in water or 2 µg ml − " 4h,6-diamidino-2-phenylindole (DAPI) in McIlvaine's buffer (0n01  citric acid, 0n08  sodium hydrogen phosphate, pH 7). Slides were mounted in Vectashield mountant (Vector Laboratories). Fluorescein-labelled biotinylated DNA and propidium iodide-stained DNA were detected simultaneously using Zeiss filter block 9 (excitation 450-490 nm), whereas DAPI fluorescence was visualized by exciting at 365 nm with Zeiss filter block 1.
Photographs were taken with Kodak Ektachrome 800\ 1600 colour transparency film, processed at 800 ASA.
Restaining slides with DAPI following in situ hybridization and ageing
The morphology of V. unguiculata and P. coccineus chromosomes following in situ hybridization and ageing was analysed as follows. Slides were stored for approximately 1 year at 28 mC in a dark, sealed box and then the coverslips were removed by immersing slides in distilled with fluorescein fluorescence. Chromosomes were counterstained with propidium iodide. G, Root-tip metaphase chromosomes of P. coccineus stained with DAPI. Arrow, A pair of chromosomes with terminal, DAPI-negative secondary constrictions. H, The same chromosomes as in (G) following in situ hybridization with the rDNA probe. Six hybridization sites were visible (yellow, fluorescein fluorescence). Chromosomes were counterstained orange with propidium iodide. I, Tapetal polytene chromosomes of P. coccineus following in situ hybridization with the rDNA probe. Six hybridization sites were visible. Four of the sites were associated with speckled signal. Chromosomes were counterstained orange with propidium iodide. Bar l 4 µm.
water and shaking until the coverslips fell off. Slides were then destained for 2i15 min in 3 : 1 ethanol : acetic acid and placed overnight in 96 % ethanol. Finally slides were restained in DAPI, mounted and visualized as described above for in situ hybridization. Twelve clearly differentiated metaphases from V. unguiculata and five cells from P. coccineus were photographed and carefully analysed.
RESULTS
Root tip metaphases of Vigna unguiculata counterstained with DAPI showed uniform fluorescence with one or two subterminal secondary constrictions seen on the second largest chromosome pair (Fig. 1A) . Using the chromosome nomenclature of Galasso, Pignone and Perrino (1992) the secondary constrictions were located on chromosome III. The same cells observed after in situ hybridization with pTa71 showed ten sites of rDNA probe hybridization (yellow fluorescein fluorescence) on propidium iodidecounterstained chromosomes (orange fluorescence, Fig. 1B ). Of these, eight were of similar size while two were much smaller and hence sometimes not detected. The small sizes and similar shapes of V. unguiculata chromosomes made it difficult to construct an ideogram showing the positions of the rDNA sites reliably. However, a relationship between chromosome size and rDNA block size was seen. The rDNA site on chromosome III sometimes appeared slightly larger than any other site. Chromosomes II, IV and V also had relatively large rDNA sites. The two smallest sites were proximally located on a pair of small metacentric chromosomes, either chromosome pair X or XI (Fig. 1B) .
The present work confirmed that, as in Leitch and Heslop-Harrison (1992) , it was possible to obtain useful chromosome banding patterns after in situ hybridization, and this was done despite the small size of V. unguiculata chromosomes. Following the restaining of aged slides with DAPI the chromosomes revealed a C-band like pattern. Chromosome IV had one proximal and two subtelomeric bands. Chromosomes II, III and V each had a proximal and subtelomeric band in the short arm. The remaining seven chromosome pairs had only one or two small faint pericentromeric bands (Fig. 1C and D) . As the banding pattern was constant, it was used to map the position of the rDNA sites more accurately. Thus rDNA sites on chromosomes II, III, IV and V were located between the subtelomeric and proximal bands, and the site on chromosome X or XI was located near the proximal band.
Tapetal polytene chromosomes of V. unguiculata were strongly stained with DAPI, and showed largely diffuse chromatin without a clear definition of the chromatin threads (Fig. 1E) . After in situ hybridization four to ten rDNA hybridization sites were visible, though most cells showed six to eight (Fig. 1F) . This variation was probably caused by the overlapping of chromosomes or the association of hybridization sites. Variation in the size of the in situ hybridization signals observed in polytene nuclei differed from that seen in mitotic cells (e.g. Fig. 1B) . Even in polytene nuclei with the maximum number of ten rDNA sites, no more than six hybridization sites were large, the remaining four were always smaller.
In mitotic root-tip and anther tapetal cells of Phaseolus coccineus six probe hybridization sites were seen (Fig. 1H  and I) . No conspicuous differences in the relative size of the hybridization sites were observed between the root-tip mitotic and tapetal polytene cells. In mitotic cells a pair of terminal, DAPI-negative, secondary constrictions was sometimes seen (Fig. 1G) , this was always associated with in situ hybridization signal (Fig. 1H) . As in Vigna, the karyotype symmetry prevented the construction of an ideogram showing the location of the rDNA sites. Aged slides restained with DAPI had many terminal and proximal bands but they were too weak to be used as markers (results not shown). In most mitotic (Fig. 1H) and polytene ( Fig. 1I ) cells, only four of the six rDNA hybridization sites were associated with additional, dispersed signal.
DISCUSSION
In situ hybridization using rDNA probes has revealed more rDNA sites than found using other methods, even in well studied species such as bread wheat (Mukai, Endo and Gill, 1991) , barley (Leitch and Heslop-Harrison, 1992) and onion (Ricroch, Peffley and Baker, 1992) , thus confirming the high sensitivity of the method. In the present work, the number of rDNA sites observed per haploid genome was as expected for Phaseolus coccineus, but was surprisingly higher in Vigna unguiculata.
In situ hybridization of the ribosomal probe pTa71 to P. coccineus revealed six sites of probe hybridization in both root-tip mitotic and tapetal polytene cells. These results agree with those of previous workers (Avanzi et al., 1972 ; Durante et al., 1977) who found rDNA sites on chromosomes I, II and V of polytene embryo suspensor cells (based on nomenclature of Nagl, 1967) . In the present work, four of the six hybridization sites were associated with small speckled labelling, suggesting that these rDNA sites may be actively transcribed. Again this agrees with Avanzi et al. (1972) and Durante et al. (1977 Durante et al. ( , 1987 who found that only rDNA sites on chromosomes I and V were associated with NORs. However, the presence of silver staining on an average of 5n5 chromosomes reported by Schweizer and Ambros (1979) suggests the rDNA sequences on chromosome II may be transcribed under certain conditions or in particular tissues.
Differential replication of DNA sequences in plant polytene chromosomes was first observed in P. coccineus embryo suspensor cells by Lima de Faria et al. (1975) . Based on biochemical analysis they concluded that rDNA sequences were under-replicated while other satellite DNA sequences were amplified. Later, Forino, Tagliasacchi and Avanzi (1979) and Cionini et al. (1982) observed differential replication of NORs between chromosomes of the same complement or on the same chromosome in different tissues. However, no evidence of differential replication of rDNA sequences was seen in the present work. In both cell types the six hybridization sites were similar in size suggesting similar replication and copy number of the rDNA sequences.
In V. unguiculata only one pair of satellites, secondary constrictions or nucleolus associated pachytene chromosome per nucleus were reported by Mukherjee (1968) , Mare! chal (1969 Mare! chal ( , 1970 , Barone and Saccardo (1990) and Galasso et al. (1992) , while Lavania and Lavania (1982) observed two pairs. Frahm-Leliveld (1965) analysed many cultivars of V. unguiculata from different sources and found zero, one or two satellited pairs. In all reports, the satellited chromosomes were always on one of the four largest pairs of the karyotype. In the cultivar IPA 206 analysed here, only one pair of satellites was observed in mitotic cells and none in polytene ones. However, up to ten rDNA sites were labelled with pTa71 in both mitotic and polytene cells, indicating that five chromosome pairs carried rDNA sequences. In contrast to P. coccineus the relative sizes of the rDNA sites differed between the two cell types examined. In root-tip cells eight of the hybridization sites were similar in size while the remaining two were smaller. In contrast, in tapetal polytene cells, the hybridization sites were much more variable in size, and no more than six large sites were observed in any one cell. These differences suggest the possibility of differential amplification of the rDNA sequences between the different tissues.
The large number of rDNA sites observed in V. unguiculata may have originated by genetic mechanisms such as gene conversion which has been shown to result in the formation of new alleles at recipient loci (Maeda and Smithies, 1986) . The variation in number of rDNA sites observed between species of the closely related taxa Vigna and Phaseolus could be due to the differential amplification and fixation of rDNA sequences at different chromosomal sites as proposed by Schubert and Wobus (1985) to explain the variation in the NOR number in different Allium species.
